Abstract: A bear third metatarsal was discovered in Champlain Sea deposits at the Saint-Nicolas site, Quebec. It is identified morphologically probably as a brown bear (Ursus arctos) based on the combination of morphology and ancient DNA. It is the first evidence of bears from Champlain Sea deposits. This bone was radiocarbon dated by accelerator mass spectrometry (AMS) to 9880 ± 35 BP (radiocarbon years BP, taken as 1950) -close to the end of the Champlain Sea phase in eastern North America. The specimen is considered in relation to other North American Quaternary brown bear remains, the dispersal history of the species, and the known Champlain Sea fauna from Saint-Nicolas, as well as stratigraphy at the site and paleoenvironment. Four major conclusions summarize the paper.
Introduction
The Champlain Sea was a major geographic feature in eastern North America near the close of the last (Wisconsinan) glaciation. It resulted from an inundation of the St. Lawrence Lowland by Atlantic waters that occurred between 13 000 and 9000 BP (Cronin et al. 2008) . The weight of the Laurentide ice sheet as it melted back from the St. Lawrence Lowland depressed that region, causing Atlantic waters to flood in (with associated boreal flora and fauna). As the ice sheet melted back farther, the Lowland slowly rebounded, and the Champlain Sea waters drained back to the Atlantic Ocean (Harington et al. 2006) . Based on our knowledge of their lives and habits of their modern counterparts, Champlain Sea vertebrates yield valuable clues to the paleoenvironment of the sea.
Several species of whale, particularly those adapted to cool inshore conditions, lived in the Champlain Sea. Approximately 80% of whale specimens recorded from Champlain Sea deposits are white whales (Delphinapterus leucas). Other whale species represented are humpback (Megaptera novaeangliae), bowhead (Balaena mysticetus), finback (Balaenoptera physalus), and harbor porpoise (Phocoena phocoena). Seals, particularly those adapted to breeding on pack ice, such as harp (Pagophilus groenlandicus) and bearded (Erignathus barbatus), and those adapted to breeding on land-fast ice, such as ringed (Pusa hispida), also lived in the Champlain Sea. An open coastal water species, the harbor seal (Phoca vitulina) has likewise been found near the southern margin of the sea (Harington 1981; Harington and Occhietti 1988) . Walruses (Odobenus rosmarus), which tend to follow the pack-ice edge, have also been reported (Bouchard et al. 1993) . These marine mammal fossils suggest the former presence of Arctic to boreal waters, with sea ice generally present.
Analysis of the ecological preferences of the 11 species of Champlain Sea fishes indicates the former existence of several freshwater and marine environments. Lake cisco (Coregonus artedii), lake charr (Salvelinus namaycush), deepwater sculpin (Myoxocephalus thompsoni), spoonhead sculpin (Cottus ricei), and longnose sucker (Catostomus catostomus) usually occupy deep, cold lakes. The rainbow smelt (Osmerus mordax), the trachurus form of the threespine stickleback (Gasterosteus aculeatus), and Atlantic tomcod (Boreogadus tomcod) are anadromous species. Capelin (Mallotus villosus), Atlantic cod (Gadus morhua) and lumpfish (Cyclopterus lumpus) are more strictly marine fishes. The mean latitude of the ranges of these fishes is now southern Labrador, more than 8°farther north than during Champlain Sea time (McAllister et al. 1988) .
Some comments on the appearance and habits of the brown bear, the species featured here, are warranted. Brown bears are mainly solitary, relatively large (males: 170-230 cm long, weighing 250-350 kg; females: 145-213 cm long, weighing 80-225 kg), having medium to dark brown fur, a dished head profile, distinctly high, muscle-filled humps powering the forelegs, long front claws, short round ears, and short tails. The largest, heaviest individuals in North America are from the Pacific Coast. They are a northern hemisphere species occurring in both Eurasia and North America. Their dispersal history is discussed later. They prefer open areas such as alpine meadows, river valleys, and scrublands, and hibernate in winter where dens are usually located in mountainous or heavily forested areas often under tree roots, where snow cover is deep. Male home ranges are much larger than those of females. They are omnivorous, their diet being composed mainly of vegetative matter, but they also feed on fishes, small mammals, birds, and carrion (Naughton 2012) . Their keen sense of smell and need to feed heavily before hibernation can draw them to shorelines where fishes, nesting birds, and washed-up marine mammal carcasses can be relatively abundant.
The purpose of this paper is to describe the bear fossil from the Saint-Nicolas site, Quebec, discuss its stratigraphic position, paleoenvironment, radiocarbon age, and identification through morphometric comparison with modern brown, polar, and black bear specimens, as well as analysis of its ancient DNA. The specimen is also considered in relation to the dispersal history of brown bears, and to the known Champlain Sea fauna from Saint-Nicolas.
Results

The Saint-Nicolas fauna and its paleoenvironment
The Saint-Nicolas (46°42=N, 71°23=W) site is a large sandpit located in the Saint-Nicolas ward of the city of Lévis, across the river from the city of Québec (Fig. 1) where tidal current sands of the PleistoceneHolocene transition preserve an exceptional marine fossil fauna, including 38 kinds of invertebrates (Table 1) , five fish species, five seabird species, four species of marine mammals, and one land mammal -the bear dealt with in this paper ( Table 2) . Radiocarbon ages of the fauna vary between 10 060 and 9810 BP. These sands are overlain by tidalites corresponding to the last phase of the Champlain Sea, until about 9750 BP. Lithological, geochemical, and paleontological data from the site suggest that sedimentation occurred in an archipelago at the entrance to the Champlain Sea that was subjected to tides of about 10 m (Occhietti et al. 2001 ). Faunal diversity is associated with marine productivity arising from the mixing of fresh and salt water. The Fig. 1 . Eastern Canada showing localities with brown bear fossils: 1, Orillia, Ontario (skull dated to 11 700 BP); 2, Woodbridge, Ontario (humerus estimated to be of Middle Wisconsinan age); 3, Saint-Nicolas, Quebec (third metatarsal dated to 9880 BP); 4, Trou Otis, Quebec (cranium estimated to be of Early Holocene age). Inset shows the site (white ring) where the fossil brown bear specimen was found in the Gosselin sandpit at Saint-Nicolas.
food web was composed of molluscs (abundant at low tide), fishes, birds (that may have nested on the small rocky islands or skerries), walrus, and seals (Occhietti et al. 2001) , besides the bear.
The Saint-Nicolas specimen and other brown bear remains from Eastern Canada
The bear specimen, reported here as representing a brown bear, was collected from the surface of late-glacial (latest Pleistocene to earliest Holocene) sands (presumably derived from the upper part of unit 2 as depicted in the composite section at Saint-Nicolas (Occhietti et al. 2001) ), left over from previous excavations in the western part of the Saint-Nicolas sandpit (Fig. 1, inset) , by the second author, Mario Cournoyer, in 2004 , as part of a collecting program begun in 1995. Bear remains are rare in late-glacial deposits in Eastern Canada. No radiocarbon-dated black bear (Ursus americanus) or polar bear (Ursus maritimus) specimens of that age have been recorded for the region (Harington 2003) , although black bear remains are reported from the upper infill (5742 ± 120 BP or younger) at Mine Cave located about 20 km northeast of Ottawa (Lauriol et al. 2003) . Perhaps only two brown bear specimens approaching the age of the Saint-Nicolas bone are known: a well-preserved skull from a gravel pit near Orillia, Ontario, that yielded a radiocarbon age of 11 700 ± 250 BP (Peterson 1965a (Peterson , 1965b Tovell and Deane 1966) ; and most of a cranium thought to be of Early Holocene age from Trou Otis, a cave near La Rédemp-tion, Quebec (Harington 1980a) (Fig. 1) . It is also worth mentioning that a brown bear skull was excavated from an 18th century Labrador Inuit midden at Okak Island, Labrador, as well as data on the former presence of brown bears in historic time in northern Quebec -Labrador (Elton 1954; Spiess and Cox 1976; Pigott 1999; Loring and Spiess 2007) . Ursus arctos Linnaeus, 1758 (brown bear)
Systematic paleontology
The specimen is a right third metatarsal (MPEP (Musée de paléontologie et de l'évolution, Montréal) 82.1) that is broadly similar to those of brown (Ursus arctos), polar (Ursus maritimus), and black bears (Ursus americanus) in proportions of the proximal and distal articular end as well as shaft length (e.g., Fig. 2 ). Of bear third metatarsals to which the fossil was compared (Table 3) , it is closest in size and shape to a brown bear (e.g., CMN (Canadian Museum of Nature) 41056, a 600 lb (272 kg) adult male from Banff, Alberta, albeit slightly smaller, rather than a much smaller black bear specimen (e.g., CMN 41055, a 480 lb (218 kg) adult male, likewise from Banff, Alberta)). Also, according to Table 2 data, it is clear that the fossil and brown bear specimens are generally larger, with no overlap, than those of the black bear. Unfortunately, only one polar bear third metatarsal (CMN 41090) (Linnaeus, 1767) Arctic hiatella Macoma balthica (Linnaeus, 1758) Baltic macoma Macoma calcarea (Gmelin, 1791) Chalky macoma Mya arenaria Linnaeus, 1758 Softshell Mya truncata Linnaeus, 1758 Truncate softshell Mysella planulata (Stimpson, 1851) was available for comparison, and it was from a 2 year old male. Nevertheless, it is worth noting that CMN 41090 not only has proximal articular facets of nearly equal size, compared with the relatively much smaller posteromedial facets in black and brown bears, but the proximal articular surface is markedly broader relative to length in the polar bear compared with black and brown bears.
Apart from the reddish brown staining of the fossil (probably derived from its oxidized, sandy matrix), the only other significant feature is the rough surface -especially near the distal articular end -consistent with arthritis. Of four black bear skeletons examined by Greer et al. (1977, fig. 1c ), one had marked arthritic changes, including bony growth around the articular facets of the metatarsals. Therefore, this pathology is common in older bears, and may support an older age for the individual in question.
In summary, morphologically, the third metatarsal from SaintNicolas is best referred to an old brown bear of perhaps 500 lb (227 kg). The full-fusion of the bone and the evidence for arthritis may support the old age of the individual. A three-dimensional model was made at CMN of the original, and digital images are available.
Ancient DNA description
DNA isolation, amplification, and sequencing
To confirm the identity of the third metatarsal (MPEP 82.1) and place it within a phylogenetic framework (Clade IV consisting of brown bears from southern Canada and the lower 48 states of the United States; Fig. 3 ; supplementary Fig. S1 1 and Table S1 1 ) a 3 g sample of bone from the shaft was sent to the specialized ancient DNA facility at The Pennsylvania State University for mitochondrial DNA typing. DNA was extracted from the bone following Rohland and Hofreiter (2007) . A segment of the mitochondrial control region was PCR (polymerase chain reaction) amplified in a 25 L reaction comprising the following: 2 mg/mL rabbit serum albumin; 1× Amplitaq Gold 360 buffer (Applied Biosystems Inc.); 1.2-5, SU Amplitaq Gold 360; 250 mol/L each dNTP; 2.5 mmol/L MgCl 2 ; 1 mol/L each primer URSUSF1-136-156 (Valdiosera et al. 2007 ) and H16229 (Hanni et al. 1994) . Cycling conditions were used according to the manufacturer's instructions, with a 58°C annealing temperature. The PCR product was cleaned using a Millipore Multiscreen PCR 96 filter plate and directly sequenced using Big Dye v3.1 sequencing chemistry (Applied Biosystems) and the same primers as for amplification. Sequences were purified using ethanol precipitation and resolved using an Applied Biosystems 3730 xI capillary sequencer at the University Park Genomics Core Facility (Pennsylvania State University). Sequences were assembled in SeqMan (DNASTAR). The final sequence for specimen MPEP 82.1 was 275 base pairs long and has been entered into GenBank under accession number JQ364966.
Genetic analysis
NCBI BLAST was used to genetically identify the specimen as brown bear (Ursus arctos). The sequence was aligned manually in Se-al (Rambaut 2002 ) to other modern and ancient brown bear and polar bear (Ursus maritimus) control region sequences available on GenBank (supplementary Table S1 1 ). The intraspecific relationship of the Saint-Nicolas specimen was determined using BEAST v1.5.3 . The HKY + G model of nucleotide substitution was selected using Model Test (Posada and Crandall 1998) and a flexible coalescent prior; the Bayesian skyline plot (Drummond et al. 2005 ) was used with 10 groups. Mean accelerator mass spectrometry (AMS) radiocarbon dates for ancient specimens were used to calibrate the clock. Two Markov chain Monte Carlo (MCMC) chains were run for 100 million generations each, subsampling every 10 000 generations and discarding the first 10% of samples as chain burn-in. Remaining samples were combined in LogCombiner. Effective sample sizes and MCMC convergence were assessed using Tracer v1.5 and the maximum clade credibility tree (MCC tree; Fig. 3 ) was summarized using Tree Annotator.
In summary, the third metatarsal (MPEP 82.1) has been identified genetically as belonging to brown bear (Ursus arctos), with a top hit of 99% BLAST similarity to GenBank Accession U34271 (Paetkau and Strobeck 1996) . For comparison, a BLAST search forced against the polar bear (Ursus maritimus) recovered a maximum identity of 92% similarity, and forced against black bear (Ursus americanus) received only 86% maximum identity. Therefore, the genetic analysis of bone from the bear third metatarsal (MPEP 82.1) supports the morphological identification.
Radiocarbon age
A 3.2 g sample of solid bone from the shaft of MPEP 82.1 was submitted to the Keck Carbon Cycle AMS Facility (Earth System Science Department, University of California, Irvine). Results were as follows: ␦ 13 C (‰) -16.1 ± 0.1; fraction Modern 0.2924 ± 0.0012; D 14 C (‰) -707.6 ± 1.2; 14 C age (BP) 9880 ± 35. Therefore, the AMS age of 9880 ± 35 BP (UCIAMS 71656) lies near the close of the Champlain Sea episode (Occhietti et al. 2001; Cronin et al. 2008 ). This date is close to one on a walrus (Odobenus rosmarus) ilium from Saint-Nicolas of 9790 ± 60 BP (Beta-115199) (Occhietti et al. 2001; Harington 2003) , suggesting that the brown bear and walrus were contemporary.
Discussion: the dispersal history of brown bears
It is worth discussing the Saint-Nicolas specimen in relation to the known dispersal history of brown bears. Brown bears probably arose from the Etruscan bear (Ursus etruscus) characteristic of the European Early Pleistocene (Kurtén and Anderson 1980) . The earliest known brown bears from Middle Pleistocene (about 500 000 years) deposits in Choukoutien, China, are large. The species has a continuous record in East Asia from Middle Pleistocene to present time. It entered Europe later in the Middle Pleistocene -nearly 200 000 years ago, where it coexisted with the cave bear (Ursus spelaeus). From that time to the end of the Pleistocene, Britain remained a stronghold of the brown bear (Kurtén 1968) . It had entered North America (Eastern Beringia) from Asia via the Bering Isthmus by Wisconsinan time (about 50 000 BP (Barnes et al. 2002; Harington 2003, p. 382) ; and see Table 4 ), and some had migrated south via the Ice-free Corridor east of the Cordillera at least as early as 27 000 BP (Edmonton, Alberta; Matheus et al. 2004) . Therefore, brown bears ranged south of Eastern Beringia well before the Holocene and the coalescence of Laurentide and Cordilleran glaciers during the Last Glacial Maximum some 20 000 BP. A lower jaw fragment of a bear (Ursus) from Toronto interglacial (Sangamonian) deposits (Coleman 1913 (Coleman , 1933 ) cannot be identified specifically, since it cannot be located (K. Seymour, personal communication, 2014) . It may represent an early black bear and is not germane to this discussion.
A brown bear humerus from Middle Wisconsinan deposits estimated to be between 50 000 and 40 000 BP at Woodbridge, Ontario (Fig. 1, locality 2) , on the western outskirts of Toronto (Churcher and Morgan 1976 -but see Kurtén and Anderson 1980 , who suggest that the specimen more likely represents a black bear. They state, "Wisconsin black bears were in many cases as large as present-day grizzlies and have, in fact, been mistaken for such, with the result that there are erroneous reports of Wisconsin Ursus arctos south of the ice (Churcher and Morgan 1976; Fig. 3 . Molecular phylogeny of brown and polar bears from 50 ka to present, including the Saint-Nicolas Champlain Sea bear (MPEP 82.1) and the extinct Atlas and Syrian bears. Black circles mark clades that received Bayesian posterior probability support of 0.95 or higher. Clade IV, which includes the Saint-Nicolas Champlain Sea bear as indicated by the arrow, is enlarged in the inset box for increased detail. The phylogeny is a maximum clade credibility genealogy resulting from a Bayesian analysis in BEAST. The phylogeny including tip labels (the specific taxa that were used) is included as supplementary Fig. S1 1 .
Stovall and Johnston 1935)". However, this view is not supported by critical comments on the Ontario specimen itself that can override Churcher's and Morgan's conclusion, which had been peer reviewed. Therefore, we choose to accept the conclusion of Churcher and Morgan (1976) ), indicating that the species was able to spread rapidly eastward once it had penetrated the heartland of North America. Further complicating this matter is a study by Karrow et al. (2001) who considered that the humerus should be identified as Ursus sp. Brown bears also spread southwestward between about 40 000 and 10 000 BP to the western United States (Maricopa, California; Labor-of-Love Cave, Nevada; Jaguar Cave, Idaho; and Little Box Elder Cave, Wyoming) -well within the historic and recent range of the species (Faunmap Working Group 1994, p. 416) . According to Graham (1991) this group of brown bears should include a cranial fragment of "Ursus optimus" from McKittrick, California, formerly thought to be a black bear (Kurtén and Anderson 1980, p. 183) , as well as another eastwardmoving brown bear "Ursus procerus", a skull from Ohio with badly worn teeth. Remains dated between 15 000 and 10 000 BP are from Jaguar Cave, Idaho, Porcupine Cave, Utah, and the more easterly locality of Welsh Cave, Kentucky. Remains dated to Middle Holocene time (8000-4000 BP) are all located in western United States -well within the historic and modern range of the brown bear, except for Schulze Cave, Texas, which is marginally eastward of that range. Late Holocene (5000-4000 BP) remains are located in the western United States, except for one from McKinstry, Minnesota -close to the Canadian border. Other late-glacial and Holocene brown bear remains from Eastern Canada, including the Saint-Nicolas specimen from Champlain Sea deposits, have been mentioned earlier (Fig. 1) .
Conclusions
1. A third metatarsal from a sandpit located at Saint-Nicolas, within the city of Lévis, Quebec, identified by morphological and ancient DNA analysis proved to be that of a brown bear (Ursus arctos). It is the first bear fossil identified from Champlain Sea deposits, in addition to being the first Champlain Sea vertebrate fossil from which DNA has been successfully extracted for identification purposes. Morphological and pathological evidence suggest the specimen was from an old bear, and iron staining indicates the specimen came from a layer of oxidized sand. 2. Collagen from the bone was AMS dated to 9880 ± 35 BP, indicating that brown bears reached the margins of the Champlain Sea during its final phase, perhaps to scavenge washed-up carcasses of marine mammals. This date is close to that of a walrus (Odobenus rosmarus) ilium (dated to 9780 ± 60 BP) from sands at Saint-Nicolas, indicating that brown bears and walruses were contemporary there. 3. Tidal-current sands of the Pleistocene-Holocene transition at Saint-Nicolas, now across the Saint Lawrence River from the city of Québec, preserve an exceptional marine fossil fauna including 38 kinds of invertebrates, five fish species, five seabird species, and five mammal species (four of them marine). This faunal diversity is associated with high marine productiv-ity arising from mixing of salt and fresh water. Radiocarbon ages for the fauna range from about 10 060 to 9810 BP. Sediments at the site were deposited in an archipelago at the entrance to the Champlain Sea that was subjected to tides of about 10 m. 4. Brown bears probably arose from Etruscan bears (Ursus etruscus) characteristic of Early Pleistocene Europe. The earliest known brown bears are from Middle Pleistocene deposits of Choukoutien, China, and the species has a continuous record in East Asia from then to the present time. The species entered Europe later in the Middle Pleistocene, and had entered North America via the Bering Isthmus by Wisconsinan time -about 50 000 BP. Some migrated south to the heartland of North America via the Ice-free Corridor east of the Cordillera, reaching the southwestern part of its historic range in western United States and Eastern Canada (probably Woodbridge, near Toronto) shortly after. Perhaps only two brown bear specimens approaching the age of that from SaintNicolas are known from Eastern Canada: a skull from a gravel pit near Orillia, Ontario, dated to about 11 700 BP, and most of a cranium from Trou Otis, a cave near La Rédemption, Quebec, thought to be Early Holocene in age. Brown bears probably died out in Eastern Canada (Quebec and Labrador) in historic time.
